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I - INTRODUCTICH
A - SHRLL, CORE, GLUE

10,0.1 The presenti rsport summarizes the different
paths followed in the studies of the shsll,
core ard zlue.

10.0,.2 With respect to the shelil, tha studies were
oriented in order tc avoid the breaksge of shells
either at the strike or during burning, On the
other hand, we looked for methods for obtaining
a straight edgs on the crater to minimisze the
waviness of the rim of the crater (scailoping).

The reduction of the scalloping gives a greater
regularity to the radiance of the orater.
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10.0.3

1°.o.u

B -~ JOINTS

10.0.5

With respect to the cors the purpose of the
study was to obtain regularity in the emission
of the vapors. The vaporization of the minerals
of the core must occur in a regular fashion in
order to avoid projection of molten material,
vhich produces pitting of the optical devices.

On the other hand, the carbon 2f the core must
be combined as perfectly 235 possible with the
mineral salts of the core also to reduce the
pi “Ang .

With respect to the glue, the purpose of the study
was to insure a goed binding between the cors and
the shell. This study is associated with the
study of the clearancs between the =lell and the
core and leads to a reduction of the scalloping.

We summarirzed the tssts made on the joints.
Although this =study was not part of the contract,
we folt it desirable to examine the means of
insuring the passage from one electrode to the
following, with the minimum of disturbances.

C -« DISTRIBUTION OF THE SPECTRAL ENERGY

10.0.6

30.0.7

In the present report, we give the spectral
energy distribution of the 16 mm diameter positive
electrode, giving the very best burning performance.

II - TEST OF SHELLS

On figure 10.1 which appears at the end of this
chapter, we assembled and coordinated all the
studies made on the shell, starting from the
original formula 8764. This chart gives ths
logical lineage and classification of the
different formulas that were testsi. We astarted
with the prinociprls that any formuia is derived
from a previous parent formula.

Howevsr, it is obvious that when a new formula

is established, several factors can be modified
at the same time and consequently a given formula
may be derived from several previous formulas,




o

10.0.8

10.0.9

10,10

10.11

In establishing ths chart of figure 10.1, we chiose
as the parent formula the one which presented the
minimum variation with the foruula under study.

Using dotted 1lines, ws showed certain influences or
similarities which could exist between two formulas,
although these formulas were not actually derived
from each other. This case occurs, for iastancs,
when we take into account some results obtained

in a line of research which was abandoned in order
to pursue the research in another direction. This
alsc occurs in the series of tests of systematical
and comparative character, such as for 8812, 8816,
8823, 8819,

%

Finally, we completed the chart by indicating the
nature of the change with a code number, which
allows us to change from one formula to the other,
This code is given in the annex to chart No. 1
(figure 10,2}, For instance, we change from 8852
to 8853 with operation 42, which means that we
increase fthe amount of fraction A of the ccking
agent,

Annex 2 to chart Xo. 1, {figure 10.3) gives the
list of the formulas which wasre tested znd the
reference numbers of the reports and paragraphs
where these formulss were studied,

¥Ye did not indicate in this chart the preliminary
studies made around the basic formula 8764 at the
start of our program, the results of which wsre
given in Reports No. I and 2, Theses are the tiree
abandoned formulass

8763 - paragraph 1.3.1,.1

8759 - paragregh 1,3.1.2

1687 - paragraph 2.5.3 to 2.6.0
The chart of figure 10.1, summarizes the study
made on the shell during this contract. Howevsr,

we feel that it should be supplemented with a
short listing of the main points of our study.




A - VARIATION OF THE NATURE, GRANULOMETRY AND AMOUNT OF

ITE.

10.12

Of all these variations, the change sf the nature of
graphite was the most interesting. The use of G.P 9
graphite allowed us to obtain a shell with better
physical characteristics and a much lower scalloping
index. Therefors, the final formula decided upon

at the end of the contract is based on graphite G.P 9,

The use of a greater percentage of graphite or of a
graphite with coarser granulometry did not bring any
noticeable improvement.

B - INPLUENCE OF THE COKE BASE PRIMARY 1934

10.13

”~
v 3

The amount of this primary can be reduced without
causing any trouble. However, a certain amount
should be included i order to insure the staibility
of the formula, This is especially tre for fermulas
with a medium amount of lamp black.

3 = INCREASE OF THE AMOUNT AND INFLUENCE OF THE NATURE OF LAMP BLACK

1C.14

This study showed us that the shells with a medium
amount of lamp black ( about 30 % of the weight

of powders) were more advantageous. They had gecod
transverse strengths and greater brightness. However,
the burning rate is slightly higher than fz:r the
shells wiih a smaller amount of lam=p black.

Nevertheless, th:s rasults obtained tc date were
insufficient to contemplate a transposition to the
industrial levzsi and this dirsction of research
would require additional study.

We also saw that the nature of the lamp black had
some influence on the physical characteristics.

- OPTIMUM PERCENTAGE OF FRACTION "A" OF THE COKING AGENT

10.15

The study showed that the optimum percentage was 7 %
and that this value was interesting chiefly with
formulas having a medium amount of lamp black,

Under these conditions, we found a definite
improvement of the physical characteristics. However,
it must be noted that the performance 2of the shkell

in the arc seems praoctically independent of

fraction "A" of the coking agent.




Therefore, w» finally kept the percentage at 5 %
in formula 8848, chosen at the end of this contract. l

E - PERCENTAGE OF FRACTION "B" of COKING AGENT

10.16

In this matter, the study was profitable. It

showed that it was advantageous to eliminste these
additives. Without any modification of tlre physical
characteristics, the elimination of fraction "B*
improves the brighitness of the carbecn and slightly
decreases the scalloping index.

Consequently, we eliminated fraction "B" of the
coking agent, in the formula chosen at the end of
this study.

F - USE OF A TAR OTHER THAN 78/22

10.17

G - SIMPLIFICATION OF THE PREPARATION PROCESS

10.18

10.19

carbon in the arc. Therefore, we do not believe
that the change should be made.

We fourd that simplification was not desirable
and that the T.M. technique should be continued,
Summarizing, this study showed the great advanteze

of the composition of the starting formula 8764,
that is:

Artificial graphite 60 %
Primary 1934 30 %
Lamp black 10 %

Theo study brought a certain number of improvements
and finalized a much improved formula 8848 which
we decided to keep. :
On the other hand these tests opened new directions

of research which seem interesting but they require

a more thorough study for their correct evaluation.

Several times during our research, we used a tar
90/10. This substitution gave somewhat better
physical characteristics but, for all practical
purposes, did not influenca the performance of the
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Figure 10-2
ANNEX 1 - CCDE OF THE OPERATIONS MADE CN THE SHELL DURING THE STUDY

1

- 7

Operations on

- artificial graphite

- cokse base primary 1934

~ lamp black

- fraction "A" of coking
agent

-~ fr .2tion “B" of coking
ai nt

- tar

- process

Code

11
12

13
14

21
22
23

31
32
34

41
L2

51

50

70

Nature of operation

Decrease zwmount
Increase aumount
Change granulometry
Change nature

Decrease amount
Incroase amount
Change granulowetry

Dnerease amount
Increase amount
Change nature

Decrease amount
Increase amount

Decreass amount

Change :: :%ure

Simpli’: :ation of the
techin » using a direct
proecas-.




ANNEX 2 -

INDEX OF THE SHELL FORMULAS COVERED BY THE STUDY

Figure 10=3

8864

8308

8810

8812
8813
8814

8815

8816
8817
8818
8819
8820
8821

8822

8823
8824
8825

8826
8827
8828
8829

Tt A gt SN, VNaget S, g S, NS Py Sunt g

P, gt Sy, gt

s S, g S, S

Report

Report

No.
No.
Neo.
No.
No.
No.

No.

&S & W DN e

N

No. 3
No. &4

Noe.

No.

No.
No.
No.
No.
No.

No.

A\

& W o &V

paragraphs 1.3.10

paragraphs

2.3.3
2,44
3.1.3
4,0,7
L.1.1

2,4.7

3,1.3
4.0.7

3.1.3
b.0.7

3.1.3
4.0.7
6.1.2
3.1.3
40047

bo1.1

teo

to
to
to
to

tn
to
to

to
te

to
to
te
to
to

to

1.3.,15

2.5.2
3.5.2
4.0.9
b.3.1

2.5.2

30502
b.0.9

3.562
4.0.9
6.2.7
3.562
4.0.9

4.3.1

- )

I
| 4




8830
8646
8847

8848

8850
8851
8852
8333
885l
8855
8856

8857

x
o D
]
-

8884

8885
8886
8887

3888
8889

P Nt iy,

S, NNE? S s SN Mgt SNt Py S

Figure 10-3 (continued)

Rernrt

Report

Report

Report

Report

Report
Report

Raport

Report
Report

Report
Report

No.
Ko,

No.
No.
No.

No.

NO,

No.

No.
No.

Neo.
No.
No.
No.
No.

No.
No.
No.
No.
No.
No.
No.

~J

i V> B & < B < N @

Qo 0 Vv & o o

paragraphs

and

6.1.2

to
to

to

to
to

to

to

to

to
to
to

to
to
to
to

to
to
to

to
to
to
to
to
to
to

6.2.7

6e2e7

7-0.8
7.1.1
71.7

8.2¢7
6.2.7
8.2.7
9.2.1

7.0.8
7.1.5
7+1.7

8e2.7
8.2.7
8.2.7
8.2.7
9.2.1
8.2.7
8.2.7



10.20

10,21

10.22

10.23

10,24

Z1X - TESTS OF CORBS

All the studies made on the core, starting with the
parent formula 290, were assembled and coordinated
on the chait attached at the end of th.s chapter
(figure 10.4). This charg gives the logical linesge
and classiiication of all the formulas that wers
tested.

As for the shell, we chose as the parent for<ula, the
one that had the minimum of variation with the
formula under study.

The :otted lines emrnasize the infiuences or
simjilarities which could ezist Yetween two formulas,
although they are not derived from each othar.

Some resulis secured in ons direction {iater abandoned)
wore taken in account tec pursue the research in
ancther direction.

To eaphasize in the chart the variations betweern
formulas, we coded the various changes that were made.
On the line connscting a parent formula to a derived
forxula, the code (s) shows the transformation(s)
mads in going from cne formula to another. This code
is given in annex No. 1 to the chart (figure 10.5).

Finally, in annex 2 (figure 10.6) the 1list of the
formulas tested 1is referenced with relation to the

report number and paragraphs where these formulas were

studied.

Chart 10.4 completely summsariges the study =ade on the
core during the contract. However, we feel it
necessary to supplement it with a short listing of the
different points of our study and conclusions.

These points are enumerated in the chriiiological
oxder of the study.

" A - KEEPING THE AMOUNT OF CERIUM CONSTANT , we studied the influence of:

!. '525

- the decrease in the amount of strontiua and iron,

- the decrease in the amount of strontium and the
increase of fluorine.

This study made on formulas 307, 308, 309, 310, 311
and 312 showed that the sncrease of coerium flucride
in the core could inerease the pitting. The

amount of cerium fluoride contained in formula 290

appeared as a maximum not to be exceedsd.
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B ~ INFLUENCE OF TRITURATIOXN ON FORMULA 290

10.26

The study mads on formulas 313, 314, 315, 316, 317,
318 and 319 showed that in the case of core 290,
the maximum trituration gave the minimun pitting.
We also found that prior working of powders in the
tumbling mixer was unnecessary and that, in
certain cases, it was even detrimental. Once this
was sstablished, we eliminated the operation.
Therefore, starting with formula 324, the formulas
that were tested did not include the use of the
tumbling wixer any more.

C - DECREASE y¥ [HE AMOUNT OF STRONTIUM AND CERIUM BY
HEﬁTfTEZT*E‘ SV CERTOM YTUGRISE

L _OF THE AMOURT O

10.27

This study was made with formulas 32C, 321 and 322
(see Report No. 5 paragraph 5.2.6), and showed that
ths decrease of the amount c¢f strontium reduced the
pitting and that we should keep the amount to a
minimum. On the cother hand, the decrease of the
amount of cerium seems advantageous, howaver, i¢
sirvuld not be done by reducing the amount of

cerium fluoride.

D - DECREASE IN THE AMOUNT OF CERIUM BY USING CERIUM OXIDE

|/

10.28

This study was made with formulas 328, 329 and 330
and brought a noticeable decrease of the pitting.

Formula 330 was kept as the parent formula for the
continuation of the tests, starting with formula
335, although it showed a rather low transverse
strength, It should be noted, that following

ths conclusion of the study mentiored in

paragraph G, formula 330 was made with the minimum
amount of strontium.

E - REPLACEMENT OF STRONTIUM FLUORIDE BY CALCIUM FLUORIDE

2

10,29

STUDY OF THE

This substitution, made with formulas 325, 326,
227 *s not advantageous,

POROSITY OF THE CORE

10.30

Study was made with formulas 331, 332, 333 and 334,
We obtained porous cores which were no bette than
the previous ones, with respect to pitting.

They also have the disadvantage of a very poor

transverse straength. We therefore atandoned this
direction of research,

é,}‘x 3



G - INFLUENCE OF THE GRANULOMETRY OF CERIUM FLUORIDE

10.31 This =tudy was made chiefly with formula 335 and
with formulas 336 vo 340 and 33 to 354,

The granulometry of the cerium fluocride has no
influence on the pitzing and therefore, there is
no reacsin to changs it. That is why in formula
356, we came sack to the initial granulometry.

H = EFFLUENCE OF THE MIXING TECENIQUE (use of the "Y" mixer or
inertia mixer)

10.32 The study was made with formulas 338 2nd 339. No
inprovement was recorded and therefore the idea was
abandoned.

I - INFLUENCE OF CERIUM OXIDE BASE PRIMARIES
10.33 Made with formulas 336, 337, 340, 343, 348, 3r2,

353, 354 and 374, this study showed the advantages
of primary 7082 for the pressnt manufacture.

However, orimary 7290 with graphite showed a teandency
to give better resulits and formula 374 showad that
additional studies would be desirabls.

J - AGGLOMERATION WITH TARS OTHER THAN 90/10 -

10.34 Study was made with formulas 333, 334, 345, 344 and
347, and showed that the use of a lighter tar gave
a more porous ¢ocre but decreased the transverse
strength, and to a certain degree, increased the
pitting.

To increase the transverse strength and decrease the
pitting with the use of a light tar, it is necessary
to use a higher amount of fraction "A" of the coking
agent.

K - INFLUENCE OF FRACTION "A" OF THE COKING AGENT ON THE FORMULAS
' >

10.35 A study was made with formulas 340, 345, 346 and
347. The increase of fraction "A" of the coking
agent seemed *o 3lightly decrease the pitting,
at the same time improving the transverse strength
of the core.

1. = INTRODUCTION OF LAMP BLACK IN THE CORE

10.36 This was made with formulas 344 to 354, 372, 373
and 379, and is advantageous with respect to the
pitting. However, it is premature to draw a definite
conclusion and additional studies on this point
would be desirable, as the previous one.

—_—
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M - YARIATION OF THR GRANULOMETRY OF FYLAKE NATURAL. GRAPHITZ >
-
10.37 This study was made with formulas 318, 349 and 13150.

No appreciable improvement was recorded and the

idea was dropped. o

N - AGGLGMERATION

WITH BAKELITE

10.38

The study was mads with formulas 323, 343, 356, 372,
373, 374 ana 379.

Tuls i3 the change which, by far, gave us the
greatest improvement. We had a hint of the
advantage of the change with formula 323 using
flake natural graphite. lHowever, it was impo=sible
to pursue tnis formula because agglomeration of the
flake natural graphite with Bakelite is extremely
difficult, even with the addition of lamp black
(formulas 373 and 379).

Following this, we replaced flake natural grapnite

with artificial graphite. We then had the first —
very interesting formula: 333. However, this

formula had cerium fluoriae with granulometry 300

and primary 7291. A parallel study showsd very

lit{le advantage of these eslements and we came

back to cerium fiuoride 100 and primary 7082.

We then ohtained formi:la 356 which we finally kept
and which was transposed successfully to %‘he
industrial lsvel (formulas 356-1, 356-2 and
356-3).

wWith formulas 355 and 357 we demonstrated that the
spectacular improvement was due to the use of
Bakelite.

Finally we verified that with Bakslite as an
agglomerant, the advantagss of primary 7290
{(formula 374} and the addiiion of lamp black
(formula 373) were confirmed.
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rigure 10-5

ANNEX 1 ~ COLE OF THE OPERATIONS MADE ON THZ CORE DURING THE STUDY

Operations on Code Nature of operation
- cerium fluoride (i1 Decrease amount
) 12 Increase amount -
( 13 Change granulometry
- the primary used for introduc- ( 21 Decrsase amount
ing cerium oxide ) 22 Increase amounti -
( 23 Change £{ primary
- strontium fluoride ( 31 Decrease am~unt
Y 32 Increase amount
( 33 Replacement by calcium
flnoride
- carbonaceous filler 41 Introduction of Iamp blzcl -

EXvd e
or increase cf amount in a
formula already containing
lamp biack

L2 Change of the granulometry
of flake natural graphite

43 Replacement of flake natural
graphite by artificial
graphite 200 and vice-versa

W G, g P, s’ P N PPN Simt S

- tar 50 Change type of tar

- various agents:

- fraction "A" of the coking ( 61 Decrease amount or slimination
agent Yy 62 Increase amount
- porosity agent 63 Addition
- Dakelite ral Replacement of tar and

fraction "A" of coking agent
with Bakslite or vice-versa

istics of first extrusion
95 Addition of a third extrusion

{
)
(
2 72 Modification of amount

- preparation of powders ( 81 Special treatment with
) tumbling mixer
{ 82 Elimination tumbling mixer
) 83 Mixing with inertia mixer
{ ("Y" type )

- preparation of mix ( 91 Elimination of mixing with
) mixing rolls
( 92 Elimination of first mixing
) 93 Elimination of first extrusion
( and second mixing
) 94 Modification of character-
(
)
(
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STUDY OI THE CLEARANCE ANV LUE BETWEEN
SHELL, AND CORE

A - STUDY OF THE CLEARANCE

10.39

10,540

10.41

10.42

When we started the study for the improvement of the
16 mm diameter positive electrode, we found ithat
with the elements used at that time, the minimum
clearance hetween core and shell had to bde

.15 mm (Report No. 1, paragraph 1.1.6),

The tests which followed were made with a
clearance greater than 0,15 mn. But we found that
with a clearance greater than 0.20 mm, it was
difficult to secure a consistent gluing and a
correct centering of the core in the sheilil.
(Report No. 5 paragraph 5.4.4).

When we procosded with the study of differsnt glues,
positive electrodes were made with clsarances of
0.10 mm, O.15 mm and 0,20 mm. We found that with
a clearance less than 0,10 mm it was practically
impossible to introduce the core into the shell
(Report No. 6, paragraph 6.3.7).

We again started the study of the clearance when
we arrived at formula 356, which was particularly
advantageous with respect to pitting. We
concjuded that with shell 8848 and core 336,

the clsarance should be between 0,15 and 0,20 mm
(Report No. 9, paragraphs 9.9.2 and 9.9.3).

B - STUDY OF THE GLURB

10 43

10.44

The glue used at the beginning of this study was
glue 2848, This glue, which we used at the
production level for positive electrodes including
a solid core, 1s made of a mineral binder with a
coke flour filler (Report No. 6 paragraphs 6.3.7
and 6.3.8).

We studied the use of other gluss using different
carbonaceous fillers or without any filler,
We particularly explored the:
= Chemical nature of the glue:
- mineral binder
- thermosetting resin
- tar

- Nature of the fillers incorporated in the glue:
- coke flour
- lamp black
- charcoal

(Report No. 6, paragraphs 6.3.7 to 6.3.9 )

7



10.45

10.46

10.47

10,48

10,49

10.50

iC.51

- Glues with mineral binder {(Report No. 6,paragraph 6.4.1)

024 without filler (paragraph $.5.2) abandoned
2848 with coke flour (paragraph 6.5.3) chosen

2954 with lamp black (paragraph 6.4.1) abandoned
2956 with charcosl (paragraph 6.5.)) abandoned

- Glues with thermosetting resins (Report No. &
paragraphs 6.4.2 and 6.4,0 ).

2953 without filler (paragraph 5.5.2 ) abandoned
2952 with lamp black (paragraph 6.%4.6 ) abandoned
2935 with charcoal (paragraph 6.5.1 ) abandoned

- Glues with tar ( Report No. 6 ,paragraph 6.4.3 )

2957 without filler (paragraph 6.5.0 ) abandoned
2958 with lamp black (paragraph 6.5.0 ) abandoned

The results of perfermance in the arc regailing these
various glues were given in figures 11, 12 and 13 or
Report No. 6.

Concluding this study, we kept glue 2848 for the
manufactuare of the positivs electrode with shell 8848
and core 356 (Report No. 9, paragraphs 9.83.8 and 9.9.3)

V - STULY OF THE JOINTS BETWEEN CARBONS

We studied several means of jointing the 16 mm diameter
positive electrode. Tho New Technology Clause report

of June 11, 1965, gave the results obtained with several
types of joints that were made:

paragraph
~ Joints using the shell 1.0.5 to 1.0,6
- Composite joints using shell & core 1.0,7 to 1.1.7
- Joints using a shell 1.1.8 to 1.2,0
- Conical joints, shell and core l1.2.1 to 1.2.4
~ Conical joints with core only 1.2.5 to 1.3.2

We kept the type of conical joint with core only. This
joint is the one that insures the very best conditions
of passing from one positive electrode to the following.
It is with this joint that we obtained the minimum
duration of disturbance and the smallest wvariation of
I1ight output when the joint goes through the arc.

Blueprint No. 1008,attached, shows this joint. There are
22 rounded threads per inch,




10.52

A =

10.53

10.54

VI - MANUFACTURING PROCESSES AND CONTROL PRCTLSSES
TOR _THE SHELL

The formula that we kept for the manufacture of the shell
of tho 16 mm diameter positive electrodes (Report No., 7
paragraphs 7.0.9 and 7.1.8 - Report No. 9, Jaragraph 9.7.5)
is fermula 8848, We give beiow:

- a description of ths manufacturing processes of the
Shell’

- the different controls that we apply to the raw materials
and the finished shells in order toc secure constant
quality.

DESCRIPTION OF THE MANUFACTURING PROCESS

The mix 13 made in a mixer of the Werner type, which is a
kneader type with blades. The different powders
compri-<ing the mix are weighed separacely vefore bzing
poured into the machine.

The tar is spread in the mixer during the mixing operation
and thr mix so obtazfned continues to be kneaded for a
certain period of time in the mixer.

After he mixing, the batch goes through several operations
of intensive trituration: a mixing with a muller mixer,
an extrusion and a seconi mixing.

The mix is then exiruded in its definitive shape, “aking
into account the shrinkage duricg the kilning. The
kilning, during which the coking of the agglomeran® will
occur, is made in a continuous ring furnace with many
chambers,

After kilining, the sitells go through a very rigorous
control, wvhich will be described later, and then machined
to the dimensions of tane finished electrode.

B - CONTROLS
Bel =« Control of the raw materia{g

10.55

1%2.56

The different raw materials comprising the mixes zo through
a certain number of quality controls before being used.

a)Cartonaceous Powders

Upon arrival at the plant, the raw materials are sampled
at random and the following is measured:

- bumidity
- volatile matter index
- ash content



b) Tar

10.57

B.2 - Control

The raw materials are thereafter milled and the powders
are sampled at random for their granulometric analysis.
If the granulometry is correct, the milled products

are then stocked and ready for use.

The subject of the tar was covered at length in our
Report No. 2 paragraphs 2.,1.0 to 2.2.6 and will not
be repeated.

Let us only repeat that the tar used to make shell 8848
is a tar 78/22, fluidity of which must be between 400
and 480 (Rsport No. 2 paragraph 2.1.5). The tar is
prepared in great quantities and stocked in tanks.
Before use, the fluidity is checked for ths propsr
value.

of the shells

10.58

10.57

10.60

a} After kilning, the shalls are random samplad and
the physical characteristics ( density, electrical
resisctivity and transverse strength) as well as
the performance in the arc, are checked.

The shells are accepted when tlhe physical
characteristics are in agreement with the
specifications riven by our laboratory and when
their performance in the arc is satisfactory.

b} At this time, all the shells are sorted individually.

The control covers the following points:

- the structure of the shell: all =sheils that
have fissures are eliminated,

- the bow: all twisted shells are eliminated,

~ the diameter of the hole: the shells are sorted
by category, according to the diameter of the
hole,

- tha external diameter, after machining of the
shell,

The quality of the sorting itself is controlled by
random sampling in each batch of sorted shells.

¢) Finally, when the electrodees are completely
finished, they are again individually sorted. The
sorting 1tself is checked by a random sampling and
completed with a test in the arc utillizing a
certain percentage of the production output.



10.61

Therefore we verify that all the performance
characteristics are in agreement with the Standaras
required by the customer.

VII - PROCESSES OF MANUFACTURE AND CONTROL OF THE CORE

The formula chosen for the manufacture of the cores
of the 16 mm diam., Solar Simulation carbons is
formula 256-3 {Report No. 9, paragraphs 9.5.2 to
9.6.1 and %.7.3).

As anticipated in our Report No. 9, the transposition

of the variation of formula 3546 to the industrial
level was successfui, We give below:

- a description of the manufacturing process of
this core,

- the various controls with which we check the raw
material and the finished cores in order to insure
the consistency of their quality.

Reinarks:

The manufacturing method which was outlined is vaiid
for quantities of approximately 1000 pieces (that is
for the supply connected with tha present contract).
FYor greater quantities, it will be necessary to use
larger equipment, which certainly will rejuire
modifications to the manufacturing method.

A - DESCRIPTION OF THE MANUFACTURING PROCESS

10.62

10.63

a) The mix is made in a mixer of the Werner type,
wvhich is a kneader with blades. The varlous
powders of the batch are welghed separately
before being introduced into the machine.

The Bakslite is addsd during the mixing operation
and the mix continues to be kneaded for a
certain period of time.

b) After mixing, the mix is thoroughly triturated
through a succession of mixings and extrusions.
It 1s then extruded to its final size, taking
in account the shrinkage which will occur during
the baking.

/- A
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10.64

10.45

TRGLS

Bel

B.2

cy

d)

The baking begins with a polymeriszation which
1= made at a temperature less than 100  C

for twelive hours. Then tho agglomerant is
coked in a continuous ring furnace, similarly
to the shells.

After going through the controls, which will be
mentioned later, the cores must be ground to
the proper diameter bafore being glued into tlis
shells,

~ Control of the raw materials

10.66

- Control of

The various materials constituting the cores are
carefully random sampled and analyzed.

fFor the mineral matlerials there is a chemical
analysis and a granulometric control.

For the carbonaceous materials, we control ths :

- humidity,

-~ volatile index
- ash content

- grancxulometry

Finally, for the Bakelite, we measure the viscosity
and the ability to mix with watera.

tha cores

10.67

10.68

a)

b)

As soon as they are out of ths kiln, the cores
are sampled at random and the mechanical
characteristics and the performance in the arc
are checked.

Particular importance is given to the measurement
of pitting.

Each mix makes a batch that can be used for the
manufacture of electrodes, only if the sampling
has given the proper re.ults.

when the 1ot has been accepted, the acceptable
cores are ground to the proper diameter and are
individually sortea.

Wo examine the:

- structure (the fissured cores are
eliminated)

- straightness (twisted cores are eliminated).

I



10.69

IX -

VIII -

The ccras are then glued in shells of adequate
diameter and the clectrodes go through a fi::al
conirol, which was 'ndicated above (paragrapk 10.60 ).

MANUFACTURING PROCESS OF THE GILUE USED BETWEEN
SHELL AND CORE

The glue whiich was chosen is 2848 (Report No. 6, paragraphs
6.3.8, 6.4.1, and 6§.5.3 - Report No, 9, paragraph 9.9.3}.

It is prepared in the {ollowing manner: At ths time of use
the necessary smount of concentrated solution is poured 1in
a vessel ard the coke flour is added. The mixture is
allowed to stand for ane hour without stirring. At that
point; the coke flour disperses in the mix without lumps.

The glue is then shaken in order tec homogenize it. The
glue so prepared can be used immediatsly. It ecan be
kept for a few days provided it is kept from the air.

We do not have any special control of this giue, other
than a density measurement of the concentrated soluticn
of the mineral binder, at the time it 1is received.

FINAL CCNTROL OF THE ELECTRODES IN THE ARC LAMP

A - ACTUAL CONDITIOXS OF TIE BURNING TESTS

10.70

i0.71

The burning tests of the 16 mm diam. positive electrodes
are made in an RTA tvpe burner, built at the Psgny
laboratory. Two independant motors with reduc.ng gears
control the movement of rotation and advance of the
positive electrode. This allows us to obtain the desired
speed of rotation and to maintain the crater of the
positive electrode in its position.

The RCA type burner is mounted so that, normally, all the
burning tests are made with the axis of the positive
electrode horizontal. However, if necassary, the device
allows us to place the elsctrode axis vertically, the
crater being oriented downwards,

The direct current is producsd by a motor gemerator group.
The generator is the shunt characteristic typegy it 1is
able to normally produce 400 amperes at 120 volts. To
make the burning tests, a low value resistor (the ballast)
is inserted in the arc circuit.



10,72

- 25

The conditjions of ogeration were indicated in
Reports 4 to No. % i

paragraph 6.,2.3, raragraph 7.1.3, paragraph 8.2.1
and paragrzph 9.1.5) wg c<speat them here:

paragraph 4.0.5, paragraph 5.1.9,

Burner: RCA type, built by Pagny laboratories.
There is a suction nozzle above the positive
slectrode with injection of compressed air to the
upper part of the nozzle:
- Exhaust flow: 150 m3/per hour
-~ ¥low of compressed air

at 2 kg/cm2: 40 liters per minute.
- Tungsten cathode of the

RCA tys;e water cooled
-~ Inclination of the cathode: 70o
- Argon flow: 7 liters per minute

- Positive contacts are water cooled:
- Speed of rotation sf the pocitive: 11 rpm,

- Protrusion: 12.7 mm,

- Operating value:z for the test:

- Intensity: 400 amperes
= Impact : 4]
- Arc gap ¢ 20 om.

Remark -« The definition of impact point was given in
Report Nc. 2, paragraphs 2.3.8 to 2.4.1.

- The striking of the arc is made by setting
a metallic wire between the extremities of
the cathode and the positive electrode,
b9fore applying the voltage.

" = MEASUREMENTS MADE DURING THE DBURNING

10.73

When we test the burning of the positive electrodes,
we raecord:

- the arc voltage, expressed in volts, recorded
during the test made at the normal current of
%00 amps. (Report No. 3, paragraph 3.2.7).

- the burning rate of the positive electrods,
expressed in mm/hour (Report No. 3 paragraph 3.,2.8).
It is measurad for each burning test.



C - MEASUREMENT

- the dimensional charecteristics of the crater
after burning, expressed in mm. These characteristics
ara: the diameter and the crater depth {Report Neo. 3,
paragraph 3.2,9)

- the scallopirg index of the crater, measured on the
lateral projection of the arc {(Report No. 3,
paragraph 3.3.0 )}

- the pitting index, determined aftar the buraning test
by counting the number of pittings produced on a
120 mm diam. pyrex dizc situated 120 mm in front of the
positive slectrode crater, centered on the axis of the
electrode and in a perpendicular plane.

- the variations of the amperage and voltage rscorded
during the tast.

OF RADIANCE

10.74

10.75

In order to determine the value of the radiance of the
crater of the positive electrcde, we make an enlarged
image of the crater with a lens of small aperture.

The area of the enlarged image of the crater is explored
with a photo-~electric cell., The value of the response
of the cell allows us to compute the ievel of radiance
of the corresponding point of the crater. The
variations of the response of the cell during its
travelling is recorded,

The stability of the total energetic emission 1is
evaluated by placing a silicon cell in the axis of the
positive electrode, without any lens. The output of the
silicon cell is recorded.

=~ D = DISTRIBUTION OF THE SPECTRAL RADIANCE

10.76

The study of the distribution of the spectral radiance is
made with a spectrophotometer able to record wave
lengths from0.40 to 0.72 microns and with a quartez prism

spectrograph for the wave lengths from 0.22 to 0.9 microns..

The previous calibration of the apparatuses was made
following the method irndicated in Report No. 3,
Chapter V, paragraphs 3.5.5 to 3.7.5 .



19.77

10,73

X

- RESULTS OBTAINED w1TH THE NEW ELECTRODES

The spectral radliance distribution curves for the
16 mm diameter positive electrodes with shell 8848
and core 356 were establishad in Repor: Ko. 9
(paragraphs 9.7.4 to 9.9.6 - Figure No. 1l4).

A copy of the curve is attaclied to this report.

In additieon, attached tc this report are the
radiarece distribution ecurves of the crater also
recorded for these same electrodes. (Please see
Report No. 9 paragraphs 9.9.7 and 9.9.8 -
figures No. 15, 16 and 17 ).
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